Computed radiography (CR) has many advantages compared with conventional radiographs, especially in image processing. Although CR is being used in chest radiography and mammography, it has not been applied to spine imaging. The purposes of this study were to formulate a set of new CR processing parameters and to test whether the resultant whole-spine radiographs visualized the spine more clearly than conventional images. This study included 29 patients who underwent whole-spine radiographs. We used 3 image processing methods to improve the clarity of whole-spine radiographs: gradation processing, dynamic range control processing, and multi-objective frequency processing. Radiograph defi nition was evaluated using vertebrae sampled from each region of the whole spine, specifi cally C4, C7, T8, T12, and L3; evaluation of the lateral view also included the sacral spine and femoral head. Image defi nition was assessed using a 3-point grading system. The conventional and processed CR images (both frontal and lateral views) were evaluated by 5 spine surgeons. In all spinal regions on both frontal and lateral views, the processed images showed statistically signifi cantly better clarity than the corresponding conventional images, especially at T12, L3, the sacral spine, and the femoral head on the lateral view. Our set of new CR processing parameters can improve the clarity of whole-spine radiographs compared with conventional images. The greatest advantage of image processing was that it enabled clear depiction of the thoracolumbar junction, lumbar vertebrae, sacrum, and femoral head in the lateral view.
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D etermining whole spine alignment in patients with spinal disorders is important for making decisions regarding the course of treatment and for treatment evaluation. Although whole spine radiographs are the usual method of evaluating whole spine alignment, interpretation of whole spine radiographs is diffi cult because these images are not able to clearly visualize the entire width of some of the vertebrae, especially in the thoracolumbar spine, lumbar spine, sacral spine, and femoral head. Newer technologies such as the EOS radiography system (Biospace, Paris, France) are able to increase the clarity of whole-spine images, 1 but the EOS system requires special equipment for whole-spine imaging. Thus, to facilitate efforts to improve the clarity of whole spine radiographs using existing radiograph equipment, we have been investigating the image processing technology of computed radiography (CR), which is fi nding widespread clinical use.
Computed radiography has multiple advantages over conventional radiography, especially in image processing. In place of the photographic fi lm used in conventional radiography, CR uses an imaging plate that enables subsequent digitalization of the radiograph. Using a computer and imaging software, the operator can use this digital information to reconstruct the original radiographs or create alternate images from the data as needed with a single mouse click. Although CR has already been effectively used in chest radiography and mammography, 2,3 it has not been used for spinal imaging.
The purpose of this study was to formulate a new set of CR image processing parameters and to test whether the wholespine radiographs generated under these processing parameters visualized the spine more clearly than the corresponding original whole-spine radiographs.
MATERIALS AND METHODS
The study comprised 29 patients (18 men and 11 women) with a mean age of 73 years (range, 45-83 years) who underwent whole-spine radiographs for the treatment of spinal disorders between May and July 2010. This study was approved by our institutional review board. The primary diseases diagnosed were lumbar spinal canal stenosis (nϭ24), cervical spondylotic myelopathy (nϭ3), and cervical ossifi cation of posterior longitudinal ligament (nϭ2). Our study population included 10 women aged 70 years or older and 7 obese patients (body mass index Ͼ25).
All patients underwent 2-way wholespine radiograph examinations, obtaining both frontal and lateral views, prior to treatment. We used PROFECT CS (Fujifi lm Corporation, Tokyo, Japan) as the image reader in conjunction with long-view triple cassettes. These triple radiographs were then confl ated into 1 image using automatic image stitching software.
For this study, we used 3 image processing methods to improve the clarity of whole-spine radiographs: gradation processing, dynamic range control processing, and multi-objective frequency processing. Gradation processing can change the density and contrast of the entire image. 4 Dynamic range control processing can change the density and contrast of only the low-and high-density areas. 4 Multi-objective frequency processing can enhance signals outlining bones. 4 Two sets of images were prepared from each radiograph: conventional CR images using conventional processing parameters and processed CR images using a new set of image processing parameters that we developed (Table 1) .
Radiograph defi nition was evaluated using vertebrae sampled from each region of the whole spine: C4 from the cervical spine, C7 from the cervicothoracic spine, T8 from the thoracic spine, T12 from the thoracolumbar spine, and L3 from the lumbar spine. In addition, evaluation of the lateral view included the sacral spine and femoral head. Image defi nition was assessed using a 3-point grading system: G1, none of the endplates of the vertebra (or shape of sacral spine and femoral head) are identifi able; G2, part of the endplates are identifi able; and G3, all of the endplates are identifi able.
The conventional and processed CR images (consisting of both frontal and lateral views) of all 29 patients were evaluated by the 5 spine surgeons (J.K., S.M., S.O., Y.T., T.S.) at our hospital, for a total of 145 evaluations. The evaluating surgeons were blinded to the category of images they were evaluating: conventional or processed. These evaluations were then statistically analyzed using the Wilcoxon signed-rank test, with statistical significance set at PϽ.05. Interobserver reliability was assessed by using the Fleiss value. Table 2 contains the distribution of grades among the 145 images evaluated at each of the sampling sites. For all sampling sites on both frontal and lateral views, the processed images had statistically signifi cantly higher grades than the corresponding conventional images. Interobserver reliability analyses showed this assessment measure to be moderately reliable (ϭ0.47), ie, the processed images showed better clarity compared with the corresponding conventional images, especially at T12, L3, the sacral spine, and the femoral head on the lateral view. However, the number of G3 at C7 on lateral view was the smallest compared with that of the other sampling sites. Figure 1 , from a nonosteoporotic, nonobese patient, illustrates the difference in clarity on both the frontal and lateral views between conventional and processed images. This tendency for processed images to show greater clarity than conventional images was also observed in osteoporotic patients (Figure 2 ) and obese patients (Figure 3 ) using the same processing parameters.
RESULTS

DISCUSSION
Windowing is a process of adjusting the density and contrast of CR images on the monitor by simple mouse manipulation (Figure 4) . The graph in Figure 4A depicts the relationship between the input signal values of a digital image and the output density for imaging. In windowing, the density and contrast are adjusted by translation and changes in slopes while maintaining their linear input-output relationship. Because this manipulation changes the density and contrast of the entire image at the same time, different windowing settings can improve visualization of different portions of the image, but no single setting will result in good visualization of the entire image in most cases ( Figures 4B, C) .
In this study, we performed gradation processing under which the input-output relationship was nonlinear ( Figure 5 ). We combined gradation processing with dynamic range control processing, which 
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expanded the visible area in certain areas while maintaining contrast in the area of interest. The resultant visible areas included C1 to L5 and sacrum to femoral head. Multi-objective frequency processing was used to improve the image sharpness of the bone margins of the whole spine. As a result, the processing in this study produced visible areas that were much clearer than those of the conventional image.
Windowing enabled parts of both the conventional and processed images of the whole spine to be clearer. On the basis of the following 3 aspects, this study evaluated the extent to which vertebrae can be examined in a fi xed state without windowing. First, if one tries to make a part of the whole-spine image clear by windowing, then other parts can become unclear. Second, the degree of adjustment by windowing differs by patient and evaluator. If this bias is included in the evaluation results, the effectiveness of the image processing becomes unclear. Third, in clinical practice, it is more effi cient to interpret the images without windowing.
Regarding the effectiveness of the image processing in the frontal view, all regions of the whole spine were depicted clearly. Compared with the lateral view, the frontal view had less bone overlap and fewer areas with low radiograph transmission. The bone contours were easily depicted from C1 to L5. Because of differences in the level of radiograph transmission in the lateral view, the cervical and thoracic vertebrae can be depicted to some extent in conventional images, but other areas are often not clear. In particular, radiograph transmission differs among the following: the cervical vertebrae, which minimally overlap soft tissues; the thoracic vertebrae, which overlap the lung fi elds; the thoracolumbar junction, which overlaps the diaphragm and abdominal organs; and the lumbar vertebrae, sacrum, and femoral head, which overlap the pelvis and thick soft tissues. It is diffi cult to clearly depict the thoracolumbar junction, lumbar vertebrae, sacrum, and femoral head because of low radiograph transmission.
In this study, our new image processing parameters increased contrast in areas with low radiograph transmission, enabling clear depiction of regions other than the cervical and thoracic vertebrae. In particular, the clarity of the lumbar vertebrae, sacrum, and femoral head dramatically improved in the processed images compared with the corresponding conventional images. The greatest advantage of the imaging processing we performed in this study was that it enabled a clear depiction of thoracolumbar junction, lumbar vertebrae, sacrum, and femoral head in the lateral view. The improvement in image clarity that we observed in osteoporotic patients and obese patients suggests that this processing method may be applicable to many cases.
The lateral view of the cervicothoracic junction was also depicted more clearly compared with conventional images. However, we did not see as much improvement in this region compared with 
CONCLUSION
In this study, our aim was to obtain clear images of the thoracolumbar junction, lumbar vertebrae, sacrum, and femoral head while maintaining an overall balance in the whole-spine radiograph image. We combined optimized parameters to attain this goal because conventional images do not clearly depict these regions. The image processing technology we used in this study involved the same level of radiation exposure as that for conventional CR imaging. Furthermore, the image processing technology we used in this study is available on existing radiograph equipment. In this imaging processing method, users adjusted the parameters to the extent that they can adjust so no additional skills and cost were required. If we set the image processing parameters in advance, a single mouse click enables viewing of the processed image. The improvements in image clarity that we observed in this study suggest that CR image processing of whole spine radiographs has the potential to facilitate detailed evaluations involving various measurements and alignment of the whole spine. 
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